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ABSTRACT 

The  geometric  structure  of  azidotrif luoromethane  has  been  obtained 
by  a  combined  analysis  of  electron  diffraction  intensities  and 
ground  state  rotational  constants  derived  from  the  microwave 
spectrum. 

o 

The  following  parameters  were  obtained  (r  -values  in  A  and  deg. 

®v 

with  2o  uncertainties  in  units  of  the  last  decimal):  C-F  *  1.328(2), 

C-N  =  1.425(5),  N  -N-  *  1.252(5),  N--  N,  -  1.118(3),  *CN  Nfl  »  112.4(2), 
ot  a  p  p  u)  a  p 

$N  N-N  *  169.6(34)  and  $FCF  -  108.7(2).  The  CF,  group  is  in  the 

(X  P  U)  J 

staggered  position  with  respect  to  the  N^  group  and  tilted  away  from 
it  by  5.8(4  )#. 

INTRODUCTION 
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Structural  data  on  covalent  azides  are  rare  due  to  the  explosive 
(2  3 ) 

nature  '  and  handling  difficulties  encountered  with  these 

H  "1 

compounds.  One  of  the  more  stable  covalent  azides  is  CF,N,r  a 

3  3  ^  . 
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(s  *  1.4  -  17  and  8  -  35A  )  are  presented  in  Fig.  1  and  numerical 

values  for  the  total  scattering  intensities  are  available  as 
supplementary  data^1^. 

Microwave  Spectroscopy.  The  microwave  spectrum  was  recorded  at 
temperatures  between  -70*  and  -40*C  at  pressures  around  10  mtorr, 
and  at  frequencies  between  7  and  25  GHz  (X-  and  K-Band)  using  a 
standard  100  kHz  Stark  spectrometer. 

CF^N^  was  initially  flowed  through  the  cell,  but  since  the  sample 
proved  to  be  very  stable,  it  was  only  changed  at  hours'  intervals. 

An  initial  broad  band  sweep  in  K-band,  applying  a  0-20  V  ramp 
voltage  at  the  external  sweep  connector  of  the  Marconi  sweeper, 
immediately  revealed  the  y  R-branch  heads  typical  of  a  near  pro- 
late  rotor,  and  thus  restricted  the  ranges  to  be  searched. 

STRUCTURE  ANALYSIS 

A  preliminary  analysis  of  the  radial  distribution  function  (Fig.  2) 

clearly  demonstrates  that  the  CF^  group  is  staggered  with  respect 

to  the  chain.  Model  calculations  for  the  eclipsed  configuration 

result  in  very  bad  agreement  with  the  experimental  data  in  the 
o 

range  r  >  2.5A  (see  Fig.  2).  The  radial  distribution  function  for 

the  eclipsed  configuration  was  calculated  with  the  final  geometric 

parameters  derived  for  the  staggered  conformation.  Increase  of  the 

o 

CN  N  angle  to  about  130*  improved  the  fit  for  the  peak  at  3.3A  but 

Q  P  O 

the  disagreement  for  the  peaks  around  2.7  and  4.5A  remained.  There 
fore,  in  the  following  analysis  the  CF^  group  was  constrained  to 
the  staggered  position.  However,  small  torsional  deviations  ( <10° ) 
from  this  position  cannot  definitely  be  excluded. 


In  the  least  squares  analysis  a  diagonal  weight  matrix  was  applied  to 
the  intensities  and  scattering  amplitudes,  and  the  phases  of  J.  Haase*11 
were  used.  The  spectroscopic  corrections,  Ar  (Table  1),  were  incorpo¬ 
rated  in  the  refinement.  For  torsional  vibrations,  the  concept  of 
perpendicular  (rectilinear)  amplitudes  results  in  unrealistically 
large  contributions  to  these  corrections  for  torsion  independent 
distances  (C-F,  F..F  and  N..F).  Therefore,  contributions  from  the  CF^ 

torsion,  which  is  a  large  amplitude  vibration,  were  neglected  for 

( 12 ) 

torsion  independent  distances  .  Assuming  local  C^v  symmetry  for  the 
CF^  group  with  a  possible  tilt  angle  between  the  axis  and  the  C-N 
bond,  eight  geometric  parameters  (including  the  angle)  are 

required  for  the  determination  of  the  structure  of  CF-jN.^.  These 
parameters  were  refined  simultaneously  with  six  vibrational  amplitudes 
(see  Table  1).  The  remaining  vibrational  amplitudes  which  either  cause 
high  correlations  or  are  badly  determined  in  the  electron  diffraction 
experiment,  were  constrained  to  the  spectroscopic  values,  calculated 
from  the  force  field.  This  is  justified,  since  the  refined  amplitudes 
agree  very  well  with  the  spectroscopic  values.  The  result  from  the 
electron  diffraction  analysis  is  included  in  Tables  1  and  2. 

In  the  final  stage  of  the  analysis,  structural  parameters  were  fitted 
to  electron  diffraction  intensities  as  well  as  rotational  constant^11^. 
Although  the  method  for  calculating  AB1  =  B^  -  B^  is  based  on  the 
assumption  of  small  amplitude  vibrations,  which  certainly  does  not 
describe  the  torsional  motion,  this  approximation  has  a  minor  effect 
on  the  determination  of  the  geometric  parameters.  In  order  to  test 
this  effect,  structural  parameters  were  calculated  using  three  diff¬ 
erent  corrections:  (1)  assuming  all  vibrations  to  have  small  amplitudes 
(AA  =  0.39,  AB  *  1.98  and  AC  =  -0.78  MHz),  (2)  disregarding  torsion 
(AA  *  4.42,  AB  *  1.16  and  AC  *  1.22  MHz)  and  (3)  no  corrections  at  all. 
The  relative  weight  between  electron  diffraction  and  microwave  data 
was  adjusted,  until  the  rotational  constants  were  fitted  to  within  20% 
of  the  corrections  in  case  (1)  and  (2)  and  to  within  1  MHz  in  case  (3). 
These  calculations  demonstrate  that  the  small  differences  in  the 
rotational  constants  do  not  affect  the  geometric  parameters  outside 
the  error  limits  given  in  Table  2. 


The  results  demonstrate  the  usefulness  of  the  rotational  con¬ 
stants  for  the  reduction  of  the  uncertainties  in  the  CN  N„-  and  the 

a  e 

CF^  tilt  angle,  which  are  very  sensitive  to  the  asymmetry  or,  in 

other  words,  to  B  -C  . 

z  z 

NORMAL  COORDINATE  ANALYSIS 

A  force  field,  required  for  the  joint  analysis  of  microwave  and 
electron  diffraction  data,  was  derived  from  the  14  fundamental 
frequencies  determined  in  a  previous  study^®\  the  torsional 
frequency,  derived  from  relative  intensity  measurements  of  rota¬ 
tional  transitions  of  the  excited  torsional  states,  and  the  cen¬ 
trifugal  distortion  constant  DJR,  determined  from  the  rotational 
spectrum  of  the  ground  state. 

/ 14 ) 

Valence  force  constants  were  refined  with  the  program  NCA 
based  on  mass  weighted  cartesian  coordinates.  The  modified 
harmonic  force  field  (Table  3)  looks  reasonable,  but  is,  of 
course,  under determined. 

The  mean  deviation  between  measured  and  calculated  frequencies  is 
Av  *  4  cm-^. 

ROTATIONAL  SPECTRUM 

The  assignment  of  the  band  heads  in  the  K-band  region  to  the 
J:  4-*>5  (19.62  GHz)  and  J:  5->-6  (23.54  GHz)  transitions  was  straight¬ 
forward  since  these  band  heads  appeared  very  close  to  the  frequencies 
predicted  by  the  preliminary  electron  diffraction  model  (B+C  *  3.94 
GHz),  but  the  high  resolution  recordings  did  not  openly  display  the 
characteristic  pattern  of  a  near  prolate  (K  *  -0.989)  rotor  (see 


Fig.  3).  The  deviations  arise  from  excited  vibrational  states  - 
especially  the  low  lying  torsional  states  -  as  will  be  discussed 
below.  The  frequencies  of  all  measured  transitions  and  the 
ensuing  rotational  constants  have  been  collected  in  Table  4.  The 
K_1  *  1  lines  stand  out  quite  clearly,  though,  and  recording  at 
different  Stark  fields  permitted  the  identification  of  K  1  =  0 
lines  which  appear  only  at  high  fields.  Subsequently  higher  K_^- 
lines  were  identified,  but  because  many  of  them  are  subject  to 
heavy  overlapping,  some  of  them  could  only  be  measured  using  a 
radio  frequency/microwave  double  resonance  technique  ( RFMWDR )  as 
described  below. 

The  lowest  J-lines  show  signs  of  quadrupole  hyperfine  structure,  but 

no  attempt  was  made  to  resolve  and  analyze  these  splittings.  Stark 

measurements  on  different  M-components  of  the  transitions  414-*5i5, 

413^514 , -*-515-*-616  and  514-*615  (calibrating  the  field  against  the  OCS 

shifts  and  using  Muenter's  value  for  its  dipole  moment^15* )  yielded 

a  dipole  moment  in  the  a-direction  of  y  *  1.15(10)  D. 

d 


To  understand  the  microwave  spectrum  in  detail,  especially  the  many 
lines  between  the  two  K_.  ■  1  transitions,  it  is  necessary  to  con- 
sider  the  possible  molecular  vibrations.  In  an  earlier  studyv  ' , 
the  vibrational  spectra  were  investigated  and  14  of  the  15  funda¬ 
mentals  identified.  The  missing  one,  the  torsion  of  the  CF7  group, 
was  predicted  to  lie  below  90  cm  ,  but  could  not  experimentally 
be  observed. 


Fig.  4  shows  the  5^+6^g  transition  in  a  highly  amplified  recording. 
From  the  characteristic  Stark  patterns  it  is  possible  to  identify 
all  of  the  obvious  lines  with  the  same  transition,  only  in  different 
vibrational  states.  The  very  intense  progression  to  higher  fre¬ 
quency  must  be  assigned  to  the  torsion,  and  relative  intensity 


measurements  using  the  Wilson-Nesbitt  method  yield  an  energy 

above  the  ground  state  of  47(3)  cm  for  the  first  excited 
torsional  state  and  thus  for  the  torsional  frequency. 

To  test  the  reliability  of  this  method,  the  energy  of  excited 
states  of  other  vibrations  were  determined  ar.j  compared  to  the 
fundamental  frequency  determined  from  the  IR  and  Raman  spectra 
(in  parenthesis):  v^q:  177  (179),  v^:  409  (402).  459  (450), 

v^Q+v^g :  221  cm  ^  comprised  of  v^q:  174  and  47  cm 

The  reliability  of  the  method  obviously  decreases  with  increasing 
frequency  (decreasing  intensity)  and  the  method  fails  for 
transitions  falling  between  the  two  K_^  -  1  lines  because  of 
serious  overlapping  of  lines  and  Stark  components. 

Examination  of  the  5..-*-61c  transitions  to  determine  their  rel- 
ative  intensities  revealed  that  the  v15  progression  extends 
toward  lower  frequencies,  and  thus  the  frequency  difference 
between  the  K_^  =  1  lines  decreases  with  increasing  excitation 
of  This  effect  is  not  observed  with  the  other  excited 

states  (notably  v^q).  The  frequency  difference  between  the  K_^  =  1 
lines  directly  determines  B-C,  and  thus  the  observed  trend  indicates 
an  increase  in  symmetry  in  the  progression. 

In  order  to  explain  this  trend,  it  must  be  noted  that  a  struc¬ 
tural  model  having  the  axis  of  the  CF^  group  colinear  with 
the  C-N  bond,  only  produces  a  B-C  value  of  1-2  MHz.  To  reproduce 
the  observed  B-C  value  for  the  ground  state  (20.5  MHz)  it  is 
necessary  to  assume  a  tilt  angle  of  'vS'. 


Consequently,  one  could  propose  that  the  effect  of  higher  tor¬ 
sional  excitation  is  the  removal  of  the  tilt  of  the  CF^  group. 

In  that  case  one  would  expect  higher  torsional  states  to  have 
B-C  values  between  1  and  2  MHz. 

On  the  other  hand,  if  one  realizes  that  most  of  the  molecular  mass 
is  concentrated  in  the  trifluoro  methyl  group,  it  is  possible 
to  visualize  the  light  "frame"  rotating  about  the  heavy  "top"  and 
higher  excitation  would  lead  to  an  effective  symmetric  top  molecule 
with  the  excited  energy  levels  lying  well  above  the  barrier  to  the 
torsional  motion.  In  that  case,  however,  as  the  energy  levels 
approach  the  top  of  the  barrier,  tunnelling  through  the  threefold 
barrier  would  cause  the  rotational  lines  to  split  into  nondegen¬ 
erate  A  and  doubly  degenerate  E  components. 

Unfortunately,  this  splitting  is  expected  to  take  place  at  the 
frequency  where  the  center  of  the  rotational  transitions  of  the 
excited  torsional  states  have  "turned  back"  (see  Fig.  3)  into  the 
upper  K_i  =  1  lines  of  the  lower  torsional  states ,  and  thus  it  is 
impossible  to  clearly  distinguish  the  weaker  lines  of  the  higher 
excited  states. 

It  was  hoped  that  double  resonance  experiments  ( RFMWDR )  could  cir¬ 
cumvent  this  problen/^^  RFMWDR  techniques  were  used  to  identify 
and  measure  the  J:  5-*6,  *  2  transitions  of  the  molecule  in  its 

ground  as  well  as  first  excited  torsional  state,  using  a  pump 
frequency  of  3.1  MHz,  which  happens  to  be  the  asymmetry  splitting 
of  the  J*5  levels  for  the  ground  state  and  the  splitting  of  the  J*6 
levels  of  the  first  excited  torsional  state.  Using  a  pump  frequency 
of  6.15  MHz  (the  ground  state  splitting  of  the  J-6  levels)  only  the 
ground  state  transitions  are  observed. 


It  was  also  possible  to  observe  the  K_^  =  1  lines  in  RFMWDR  (J:  5-*-6) 
for  the  ground  (Vp  =  307.0  MHz),  the  1st  excited  torsional 
(Vp  =  218.4  MHz),  the  2nd  (Vp  =  128.7  MHz)  and  barely  the  3rd 
excited  torsional  state  (vp  =  36.1  MHz). 

The  weakness  of  the  3rd  excited  torsional  state  transitions  ex¬ 
tinguished  the  hope  of  finding  the  =  4  lines  using  the  DR- 

technique,  which  would  otherwise  have  overcome  the  problem  of 
overlapping. 

Fortunately,  however,  the  J:  l->,2  transitions  around  7.9  GHz 
(Fig.  5),  modulated  at  a  Stark  field  of  800  V/cm  only  show  the 
K_^  =  0  transitions,  and  thus  provide  a  somewhat  clearer  picture. 

It  looks  like  the  v^  =  3  transition  is  somewhat  broadened  com¬ 
pared  to  the  v^5  =  0,  1  and  2  transitions,  and  the  v^  =  4  tran¬ 
sition  is  possibly  split  into  two__components ,  indicating  a 
torsional  level  approaching  the  top  of  the  barrier. 


The  assumption  of  a  purely  sinusoidal  potential  allows  a  deter¬ 
mination  of  the  barrier  heights  from  the  torsional  force  constant, 
known  from  the  normal  coordinate  analysis 
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or:  0.03  mdyn  A  *  4.35  kcal/mol  = 


*  0.97  kcal/mol. 


Thus,  the  v^j  =  4  state  with  an  energy  of  .675  kcal  is  in  fact  quite 


close  to  the  top  of  the  barrier,  especially  since  the  addition 


of  a  few  per  cent  V-  potential  would  somewhat  lower  the  value  of 
•  o 


V^.  It  seems,  although  the  evidence  is  sparse,  that  the  decrease 


in  B-C  on  excitation  of 
rotation  of  the  trifluoro  methyl  group. 


is  due  to  the  hindered  internal 


DISCUSSION 


The  most  significant  features  of  the  CF^N^  structure  are  the 
bond  lengths,  the  nonlinearity  of  the  N^  group,  and  the  torsion 
and  tilt  angle  of  the  CF^  group  with  respect  to  the  group. 
These  features  are  discussed  in  the  following  paragraphs. 

Bond  Lengths.  The  above  results  clearly  demonstrate  that  in  CF^N 
the  N„ -N  bond  is  significantly  shorter  than  the  Na-N  bond. 

p  ci)  pa 

This  can  be  attributed  to  the  electron  withdrawing  effect  of  the 
CF^  group.  A  comparison  of  the  MN^  series  (M  =  alkali  metal, 
(CH^J^Si.  h,  Cl,  CF-j)  shows  that  if  M  is  of  very  low  electro¬ 
negativity,  as  for  example  in  the  alkali  metals,  we  have  an 

+  -  o 

ionic  M  N  ^  structure  (I)  with  two  degenerate  N-N  bonds  of  1.16A 

each.  With  increasing  electronegativity  of  M,  the  M-N  bond 

becomes  more  covalent  and  the  contribution  from  the  resonance 

structure  (III)  increases,  due  to  the  electron  withdrawing  effect 

of  M.  This  causes  an  increase  in  the  bond  length  difference 

between  Na-N  and  N_-N  (see  Table  5). 
p  w  p  a 
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(II) 


(III) 


A  comparison  of  the  C-N  bond  lengths  in  CH7N_  and  CF,N_  also 

( 9 )  J  J 

shows  the  expected  effect  .  Replacement  of  the  CH^  by  the 

CF^  group  results  in  bond  shortening  if  the  groups  are  bonded  to 

electronegative  atoms  or  groups.  Hence  the  C-N  bond  in  CF~N., 

.  o  ^o-3 

(1.425A)  is  significantly  shorter  than  that  in  CH^N^  (1.468A). 


Torsional  Angle  of  the  CX,  Group.  In  general  methyl  or  tri- 

fluoro  methyl  groups  prefer  the  staggered  position  with  respect 

to  single  bonds,  but  prefer  an  eclipsed  position  with  respect  to 

double  bonds.  Representative  examples  in  the  case  of  C*C  double 

bonds  are:  CX3CH*CH2 (22  )  and  trans  CX3CH*CHCX3 (23 ' 24  } .  Only 

strong  steric  repulsions  can  force  CF,  groups  to  abandon  the 

J  {24  ) 

eclipsed  position,  such  as  in  cis  CF3CH*CHCF3  .  Only  one 
example  is  known  for  N=N  double  bonds:  trans  CX-jN^NCX.^24 ' 25 ' 26  ^ , 
where  the  CX3  groups  again  eclipse  the  N=N  double  bond  and  stagger 
the  N  lone  pair.  In  CF3N3  the  CF3  group  occupies  a  staggered 
position  with  respect  to  the  N3  group  as  shown  by  (IV),  and  this 
indicates 


N  N 

i  i 


(IV)  (V)  (VI) 

a  significant  contribution  from  resonance  structure  (III).  For 
this  structure  configuration  (IV)  minimizes  the  repulsion  between 
the  fluorine  free  valence  electrons  and  the  two  sterically  active 
free  electron  pairs  on  the  atom  (indicated  by  broken  lines  in 
(IV).  In  contrast  to  CF3N3,  the  CH3  group  in  CH3N3  appears  to  be 
in  an  intermediate  position  between  eclipsed  and  staggered^ 7b  \ 
(25±7°  from  the  eclipsed  position)  which  may  be  explained  in  the 
following  manner:  resonance  structure  (II)  should  result  in  a 
.staggered  (V)  and  resonance  structure  (III)  in  an  eclipsed  (VI) 
configuration.  Since,  as  discussed  above,  the  bond  lengths 
indicate  that  structure  (II)  contributes  more  strongly  to  the 
structure  of  CH3N3  than  to  that  of  CF3N3,  the  observation  of  an 
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intermediate  torsional  angle  is  not  surprising. 

Linearity  of  the  N ^  Group  and  CF^  Tilt  Angle.  In  CF-^N^  the  N3 
group  is  slightly  (10*)  bent  away  from  the  CF^  group,  and  the  CF^ 
group  is  tilted  away  from  the  group  by  5.8°.  This  is  readily 
explained  by  the  repulsion  between  the  fluorine  free  valence 
electron  pairs  and  the  it  bond  electron  system  of  the  group.  A 
comparison  of  these  values  with  those  in  CH^N^  would  be  most 
interesting,  but  unfortunately  no  experimental  values  are  presently 
available  for  CH^N^.  It  is  interesting  to  note  that  the  angles 
of  the  group  found  for  HN^,  ClN^,  NCN^ ,  and  CF^f^  are  all  very 
similar.  However,  it  should  be  kept  in  mind  that  most  of  these 
values  carry  rather  large  uncertainties. 

Torsional  Effects  on  the  Structure.  The  present  data  for  the 

excited  torsional  states  do  not  allow  a  determination  of  the 

structural  changes  upon  excitation  of  v15»  It  is  clear  from 

model  calculations,  however,  that  several  parameters  must  change 

their  value  in  order  to  reproduce  the  rotational  constants  of  the 

excited  states.  Thus  heavy  relaxation,  not  only  in  the  trifluoro 

methyl  group,  but  also  in  the  tilt  and  the  CN  N.  angle,  is  assumed 

a  p 

to  take  place. 
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Table  1.  Interatomic  distances,  vibrational  amplitudes 

from  spectroscopic  and  electron  diffraction 

data  (error  limits  are  3c  values)  and  vibra- 

o 

tional  corrections  A  (in  A). 


atom 

pair 

rij 

vibrationi 
spectr . 

al  amplitudes 
e  .d. 

A=r  -r 

a 

N0  -  N 

8  u> 

1.12 

0.034 

0 . 034a 

0.0060 

N  -  N 
a  8 

1.25 

0.042 

0.042  ( 4  )b 

0.0004 

C  -  F 

1.33 

0.04  5 

0.04  5  ( 4  ) b 

0.0013 

C  -  N 

a 

1.43 

0.053 

0.053  ( 4 ) b 

-0.0001 

F.  .F 

2.16 

0.054 

0.056  ( 3 )C 

0.0009 

N  .  .  F 

2.18 

0.061 

c 

0.0004 

a  t 

Na ‘ ‘ Fg 

2.30 

0.063 

0.063  (3) 

0.0001 

c..nb 

2.23 

0.067 

0.0673 

-0.0006 

N  .  .N 
a  co 

2.36 

0.046 

0 . 046a 

0.0028 

N„  .  .  F 

B  g 

2.71 

0.169 

0.174  (26) 

-0.0072 

C.  .N 

u 

3.27 

0.085 

0.095  (40) 

-0.0003 

N8 ’ ‘ Ft 

3.31 

0.092 

0 . 092a 

0.0021 

N  .  .F 
oj  g 

3.56 

0.229 

0.250  (33) 

-0.0096 

N  .  .F. 
w  t 

4.42 

0.141 

0.096  (57) 

0.0130 

aNot  refined,  b'c 


Ratio  constrained  to  spectroscopic  ratio 


e .  d. 
o 
ra 

a 

e.d. 

r 

+  m.w. 

av 

C-F 

1.329 

(3) 

1.328 

(2) 

C-N 

a 

1.427 

(5) 

1.425 

(5) 

Vnb 

1.250 

(7) 

1.252 

(5) 

VNw 

1.117 

(4) 

1.118 

(3) 

CNaNB 

111.8 

(1.1) 

112.4 

(0.2) 

N  N-N  C 

3  S  III 

175.3 

(4.3) 

169.6 

(3.4) 

FCF 

108.4 

(0.4) 

108.7 

(0.2) 

tiltd 

4.4 

(1.2) 

5.8 

(0.4) 

Results  from  electron  diffraction  analysis;  error  limits 
are  2 a  values  and  include  a  possible  scale  error  of  0.1% 
for  bond  lengths. 

’Results  from  combined  electron  diffraction  -  microwave 
analysis;  error  limits  are  2a  values. 

% 

'Bend  away  from  CF^  group. 

^Tilt  of  CF^  group  away  from  group. 
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Table  3.  Force  Field3  for  CF^N^ 


CF 

6.69 

CF/CF 

1.06 

CN 

4.84 

CF/CN 

0.46 

N  N. 
a  B 

7.75 

CF/FCF  (adj) 

0.51 

nqn 

B  u 

16.88 

CF/FCF  (opp) 

-0.33 

FCF 

1.82 

CN/FCF 

-1.00 

NCF 

1.20 

CN/NCF  (adj) 

0.42 

CNN 

1.49 

CN/'NNN 

-0.54 

NNN 

0.67 

FCF/ FCF 

0.23 

tors 

0.03 

FCF/NNN 

-0.18 

NNN/tors 

-0.07 

aStretch 

o 

in  mdyn/A, 

stretch/bend  in 

mdyn/rad 

o  2 

bend  in  mdynA/rad 


Table  4.  Measured  rotational  transitions  and  derived  rotational  constants  (Mllz) 
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Figure  Captions 

1.  Experimental  ( . )  and  calculated  (— — — )  molecular 

intensities  and  differences. 

2.  Experimental  radial  distribution  function,  theoretical 
functions  for  staggered  and  eclipsed  conformations  and 
difference  curve  between  experimental  and  theoretical 
staggered  conformation. 

3.  The  J:  4-»-5  rotational  transitions.  Stark  field:  200  V/ cm. 
Arrows  indicate  frequencies  at  which  K  ^  *  0  lines  appear 
at  higher  Stark  fields. 

vT  *  vi5*  VT  ”  4  indicates  the  center  of  the  A  components 
of  the  torsionally  split  vT  *  4  state.  The  K_^  *  1  lines 
have  not  definitively  been  assigned. 

4.  The  J:  515'*‘616  transit;*-ons  showing  several  vibrationally 
excited  states  at  a  Stark  field  of  800  V/cm.  vT  =  v^5. 

5.  The  J:  1oi"”^02  trans^ti°ns  at  a  Stark  field  of  800  V/cm. 
Marker  spacing  is  0.8  MHz.  The  assignment  of  vT  =  4  is 
speculative,  although  other  J  candidates  for  the  A  com¬ 
ponents  have  been  located. 
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